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Abstract: Duringg a0 Oevear exalustion of plantings designed 1o provide additbmal wintee food for ob.
white quil (Colinus tieginfonnnd on the Fort Wiley Miditary Reservatlon in Kamas, quail weee hilled to
provide dats on fuwl hablits, body weight dynamics, and [il content of carcasses, Crop contents of 591
eail were anglyzed to determeine fonld hialite, 368 quall were welghed to delecd sensonal changes in
Beady welghts, and 41 quall careaves were analyzed for ether evtractabile fat content. Bobwhites within
S0 g ol fomd plots used the plots as feeding areas dduting winter pid enaly spriog nontlis. Comgtared
avith binds killed Leether than $00 m from o foed plot duedisg the wintee and ealy speinge, sl killed
withun 600 1 of @ Toeed lot daing the same pedind had more food in their crops, malntained higher body

swelghits, and bad mote fat In their carcasu s,

With the ennctinent of the Federal Aid
to States in Wildlile Restoration Act {come
monly known us the Plittmun-Holertson Act)
i 1937, funds Tar wildlife research and de-
velopment became available to stute Tish

and game agencies, Following World War

1, great snms of money were fnvested
in habitatdmprovement  progeams.  FEven
though improvement of wildiife habitat has
Leen and continues to be an almost pnfver-
sal endeavor of state fish mul game agen-
civs, the effectiveness of niany of these habi-
tat-improvement progruns to produee lareer
wame populations lias nat been intensively
studivd,  Evaluations of habitat-iinprove-
ment programs liave been conecerned prie
marily with acrenge included and gross

t Contribution No. 867, Division of Biology, Kan-
sat Agricultural Experlinent Station, Konsas State
Univeesity, Manhattan, Floanclal nssbstance was
prndided by the Wildlife Management Institule,
Kansas Forestry, Fish and Gune Compdssion, U, 5.
{epartment of the Anny, amd the Kansas Agricul-
turd Lsperiment Station.

changes In MNoral  charscleristics.  Lyon
(1939), Tester and Marshall (1962), and
Vohs (1959} are amonyg the few who have
atlempted 1o relate  habitat-fiprovement
programs to changes in founal as well s
flor! populations.

In 1839, a wildlife management program
wius iitiated on the Fait Riley Military Res-
crvation in Kansas under Army Regulations
210221 (Joselyn 1963:219). The wildlife
management program had several aspects,
including estalilishiment of food plantiugs
as part of a broad habitat-improvement pro-
grane, In 1961, G. B. Joselyn {conservation
and wildlife management officer at the Fort
during 1961-62) invited the author to wank
with personnel in evuluating certain aapects
of the habitat-improvement program. This
is a report of a G-yuear study of responses
of hobwhite quail to food plantings on the
Reservation,

The interest, efforts, and unlimited co-
operntion of Fort Riley military personnel,
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espetially G B Joselsn, DML Miller, ad
J. WL Dunlap are gratefully acknowledied,

STUDY AREA

This research was conducted on the ot
Riley Military Reservation fn Riley County,
5 miles southwost of Mauhattan, Kansas.
The study ares, comsisting of approxbmitely
31,000 acres, was furm el pange Land prior
to its purchase by the Amy in 1941 Low.
land areas were nsed for crop production
while the upland atea was grazed by heel
attle, Al commercial farming operations
ceased i 1L Ruins of eld farmsteads
and remaing af hedgerows are still present,

The Beservation s on the wostern edge
of the Kansas Flint §lills, It is approyd-
mately 80 pereent praitie uplands, 30 per-
cent Jawlamds, and 10 pricent steep slopes,
The native vegetation of the uplands is
classed as true prairie (Fish 1933:20) and
comsists primarily of a0 herlerous plant
assucfation. Prominent geasses nchiele hine-
stem (Andropogon)?, wheat grass { Agro-
pyron Y, grama { Boutelona), lovegrass ( Er-
agrostis), wildrve  (Elymns), witchygrass
{Panicum), bristegrass (Setarfa), indian-

grass (Sorghastrum), and dropseed (Sporo-,

bolus). Muny forbs are present on upland
and Jowland sites, inchnling ragweed (Ame
brosia), pastridgepea (Cossfa), lespedezn
( Lespedeza), sweetclover (Melilotus), inlk-
weed {Asclepias), hemp (Cannabis), goose-
foot (Chenopodium), croton  (Croton),
sunflower (Hellanthus), smartweed (Poly-
gonum}, dock (Rumex), and goldenrod
(Solidege). Trees and other woody plants
are common on the slopes and Jowland
areps and inelude mople (Acer), redbud
{Cercls), dogwood (Cormus}, walnut {Jug-
luns). redeedar (Jundperus), osage orange
{Muaclura), coltanwood (Populus), phian

2 Common mud sclentific names of plints follow
Andenon (1961).

Jorurnal of Wildlife Management, Vol 33, No 2.

April 1969

(Prunus), vak (Quercus), sumae (Rl
locust (Rebinte), willow (Saliv), and el
{ Ubus),

METHODS

Plantings of corn, wheat, and sorghan
were establiched on the Reservation by milie
tary pensonnel. Normally a fowd plat cone
ststed of 1 cumbinution of comn and sorghum
but somctimes com, sarghum, and wheat
were planted adjncent to each other, Early
in the study, food patches were smadl (0.5-
2 acres cach) and seattered over the enthe
Reservation except for o centead artillery
fmpact aren. During 1965 and 1960, o wl-
dition to the many small and fsolated food
patches, severl lung narrow plots {up to 2
miles Jong) of corn and sorghum were estab-
fished 1o utilize available large equipment
thore elffectively, Areas producing eultivated
grain for wildlife varded from year to year,
averaging U8, 146, and 31 acres of com,
sorghun, and wheat, respectively (Table 1),
All planted geain was left standing for the
entire winler,

Bobwhite quail were collected regularly
during November, 1981-April, 1962 ond

. Septesmber~April of 1962 hrough 1967,

Sporting fircanns were used to kill the quail
and bird dogs helped in locating novies mud
retdeving eripples. Collecting was normally
limnited to date afternoon hours and no more
than two quail ever were taken from any
one covey on the swne day. Time ad loca.
tion of kill plus sex and age were recorded
for cach bird collected. Preetse kil Tocatiouns
were determnined in the field by using mili-
tory conrdinates on contour maps with a
seale of 4 inches per mile, Tip eolorution of
the greater upper primary feathers (Leo.
pokl 1939} and appearance of the seventh
greater primary coverts (Haugen  1957)
were used as criterin to separate juveniles
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teom adults, Sex way determined by hody
phimigee characteristics, )
Hobwhites were weighed within 3 hours
of the time they were Mlled, Crop contents
were seimaved prior to welghing the hind to
the nearest Gu1yg, .
Food habits were deternined by anuiye.
ing crop conlents, Contents of cach quaif
crop were air dricd 2 days in an open petri
dish, sorted into homogencous  categories
wder o magnilying lamp, and identified.
Such homogencous catepory was placed in
a 10-ml graduated eylivder and its volune
detennined after compacting the material
shighitly with a woeoden dowel, Volumes of
vaeh constituent fownd in the crops were to-
taled for each month und its pereentage of
the monthly volumetric total ealeuluted,
Nody fnt determinations were mnde on
41 quadl  cureasses during the 1966-1967

1)

collecting season. ‘The crop of each Hird was
removed prior o fat analyses, Catcassis
were tuick-frozen amd stored at <20 C unnl
analyzed. Each bird was analyzed individ-
wally, While frozen, hirds wete sawed
lengthiwise and processed through a Cngver-
sul No. 3 tood chiopper (fine cutter). The
chopped materfal was then dried 24 honrs at
60 C, again processed through the chupper
angd  thoromghly Dlewded. Moisturesdree
weight was deternmined alfter drving 2o
sumples for 5 hours ot 130 G under vacuum
{28 tuches of 11g). Fal was extracted from
two 2-¢ sumples of each bind in s Goldlsch
eatraction apparatus for 16 hours using an-
hydeous divthy) ether as a salvent. Samples
were then redrded at 1O C lor 5 bowrs sder
vacutm and reweighed,  Fther-extictalie
fat was expressedd as w peraentage of dry
tiasue weight,

RESULTS AND DISCUSSION

During this 8-year stidy, 595 bobwhite
quail were collected. Crop contents were
analyzed for 391 specdmens, sweights ree
corded for 368 birds, and body fat deter.
minations nunle of 41 carcawes. litestinal
tracts of 29 hirds were removed amd ex.
amined for intermal helminths,

Of thes 593 birds, 450 {SO.7 percunt) were
juveniles and 115 (193 pereent) adults
(Table 2). The number of juveniles per

Tob's 2. Numbets of odult ond jurerile bobwhite quai! collacted pes manth during this stuty.

l-02 11142-47 LBt =43 mus-nn 1966-67 Tertals )]

Moxtn I A ] A ] A ] A ) 1 A } A A
September * ti 1 I 2 13 2 v 2 IE I &% 8§ 55
Oclober . n 1 15 ) M 3 I8 2 13 3 11 T4
November o 1 n 2 ar 1 13 4 12 2 13 3 02 13 5l
December 8 2 19 4 6 0 9 4 12 1 9 3 6} 16 39
January 5 3 o 1 i 2 10 3 13 ) B 3 52 17 A
Febivary 3 it 4 2 T % 13 3 5 7T 2 %18 27
Murch 1 4 4 0 6 4 T 9 13 2 T 3 4% 15 a2
Apil 3 | 4 1 0 4 4 4 T3 6 3 331819
Tatals 39 14 59 12 88 IU_ 83 26 104 20 W 4o s 42

53 101 107 i 129 ) BE

& No collections made during September and October, 1081,
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Teble 3. Numbens ol mola aed femate bobenits avo.l collested et manth duning the coune of thi stdy.

St e, N, Dir. fax. Fun. Manen Armn,

M F T Fr Twor M F M M F M M P
1Hil-02 : * 4 0 3 9 T 3 I 3 87 1 3
190213 G N 5 v 17 12 0 13 b B  ER | 2 2 i 2
1304 Gt 0 7 12 11 12 3 3 b T 6B [ | H 7
1165 310 T nw 3 1] ] w3 Ho10 3 3 4 !.i
1063006 5 11 Mou I ] T N8 i 5 1 3 0 3 |
IIMG-07 1 ) ¥ b 9 7 T 5 3 3 0 I} by S
Tatah W0 A1 1 By 47 a9 A0 12 2% 82 3% 3 an 23 al
%T'-:-i:—ﬂ-'-l 1.10 1.03 081 1.03 04 1M 091 141

& Nu eobluationg made during Septendet and (xlober, 10601,

adult was 7.5 for 2635 birds collected duedng
the September-November perivd compared
with 2.7 juveniles per adult for 251 Lisds
eollected  during  Janmary=April, Such a
seasonal shift in the juvemlesadult rutio
reflects efther an age-telated differential
mortality or a seasonally-related shift in vul
nerability of both zge-classes to the collees
tion techniques used. The anthor favors the
former hypothests « Robel 1985) but no data
have been collected to challenge the latter.
Males constituted 50.9 pereent of the birds
vollected while femates acconnted for 49.1
pereent (Table 3}, Although sex satins var.
id from month to month, no scasonal
trends were detected in sex ratios of hirds
collected.

Food Habils

1o 353 quail collected during the last 5
hwurs of duylight (270 min before to 30 nn
after sunset), average volume of foud in
each crop was detennined for ‘oo hour
peddod (Fig. 1), During the fall and carly
winter period, two peaks were observed n
crop contents: one at 211 to 270 min befare
sunset and the other at 30 min lefore to 30
min after sunset. In the winter and early
spring period (Junuary=-April), the average
amonnt of food in each quall erop died not
vary appreciably with the time the bird was
killed. Bizds kMlled during the Septemmber-
February perdoad had an averge of 847 ce
of material in thelr crops compared with
unly 3,35 ce fn the crops of birds collected

Table 4. Mambly voluney of lood o cropy ol 108 adylt and 475 jurenile Lobahte quail,

JirveniLty Amas [RETT])

Mowm N Vol N Val, N val.
September 17} 357 =047 11 G.A7 = 0.7 8 560 = 041
Octalyer T a0t = 0.50 10 558 = 080 . 2] 554 = 045
November 12l 6.3 = 0,47 1 137 = L5 1 0.9 2 047
December G 0.0% = (.60 15 8§50 = 1.50 .} B.N1 2 047
Jatnry 51 H.10 2 030 16 oY = 1.2% 0 Toro 2 1.5
Febenary 4 0.37 2 0,50 15 058 = 1.2 (%) .12 = 061
Manedy 52 4003 = 0.05 11 500 = 1.0 (1) 4.20 = 0.5
Al 27 207 =043 15 AMT = 10N i 3.07 = 0.5)

s Vilurae 10 1ulie tentielen 2 et stansland eeme ol the mean.
® 1) fhegs slznithantly (P e 0.10) from vulime in onops of juveniles,
¢ Ditfers sianiflantly (&< 0.03) Tone v luine in v of jurveniles
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Fig 1V Lmerslotsd chonger 1n volumeing contents ol 331
and 234 Loabahie aunl crom collected dutirng Septembera
December and Jarwaty-Apn! panrdi, teripechively,

i March and April. ‘The volwne of material
in the crops of ad: It hisds collected in No.
vember and April was significantly geeater
{I' <010 and P <005, respectively) g
the amonnt of material contained in crops
of juveniles during thase months {Table 43,

Twenty itans, cach constituting 1.0 pua.
cent or more of the total s *lumetrie conteits
of S0 quatl crops, accountd for 84.0 por.
cemt of the qguail dict doring this stady
(Tuble 3). The ftem of greatest volume was
sorgham {183 pereemt) while smllower
seetl was the foed ftem with the highest
frequency (369 pereent).  Grass seeds,
mainly  Setaria, Trifolium, and  Bromus,
contiibuted .7 pereent of the dict and ue-
curred in 20.6 percent of the crups. Western
ragweed and simae scods comprised 7.1
and 6o pereent of the diet, respectively,
and were present in 269 and 120 pereent
of the craps, respectively,

Animal ms:ler comtrdbuted 7.5 percent of
the volume amd was found in 27.8 percent
of the crops. The 7.5 pereent figure for vol.
ume of animal matter is minimal sinece data
were not adjusted for shsinkage of desie-
cated animal tissuvs, Grasshoppess. crickets,
cickroaches, hugs, caterpillars, beeties, and
unls were the more cormmon forms of animal
matter fuund in the crops of quail.

The (hree culli\'am _cum, wheat, and
sorghum, contributed 254 pereent of the

&1l

quail dict dwaing this study, Both com and
sapglann weee e more abundant in the
winter and spring, divt of quail than i he
fudl. Use af swhent as a food e by quail
was linited (1.7 pereent) and no watleeable
seasutid differences swere apparcat o its
consumption,

Seeds of sunflower, western rigwoeed,
and grasses ~were enmued more duing the
full and eutly winter than during the fate
winter and spring. Conversely, weds of
sumie, osage orange, amd black focust con.
stituted more of the spring crop wonlents
thass cither the fall or winter diet, Debyris
was more sbundant in quail crops from
spring collections than durng either fall or
carly winter. Aninal malter was most abun.
dant durtng e fall and pring  periods
and less abrdant {n crops colleeted e wine
ler.

Except oz slightly reduced use of culti-
vated crops, quail in this study had food
habits similar tn those reported carlier for
Kansas bohwhites by Jesnings (1941:423)
atd Nobinsen (19.:;.21-..-’3)

Weight Dyrumics

The mean weizght of 365 quall was 156,23
= 103 ¢ The monthly mean body weights
exhibited scusomal changes, increasing Jduge
ing the September theotgh December pe-
riod then deereasing through March and
stabiliring in Apel {Table 8). The generat
curve of body welghts ( Fig. 2) {s similar to
results n:porlud by Wicklf (1932}, Hanil-
ton {1937), and Robinson { 1957:19). Mean
welghts of juveniles were tess than adults

. for all mouths except January, Beeause of

the varfability @ the welghts of collected
hirds and the small number of udults in
cach monthly sample, only the sucan weights
of birds collected In November (P < 0.03),
October (P < 0.03), and March (005 < P
< 0.10) showed significant age-related dif-
ferences. Kabat snd Thompson (1963:41)
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voth Cer ed,

LIS e Sovpsts Mrasts Jases Frmnve Mir-
e e h nER [ LY.} ARy ARY Mamnn Ars. ArR,
oavrLe SIANR T A 100 e 0 ™ Y v aul
[TTRY} LLLL S O, fee? 4104 301 KIS LY Y- 1§ 1 ] 7. RV RT] 1303 2,00
Songhuny mna 835 1At 15T 2868 J6d 10T 2T 140
Sorghnm culpare 13 231 205 18 KT 24500 Ll 86 2bla
sanflower M1OST4 28 20 43 19 w1 00 jag
Hellanths spp. 47 573 23 26T Il 3.2 v 364
Western agw ok L1 124 182 113 &% ol iy 00 T
Al wotig artemietifotie and 197 330 400 63 7.1 AT (K7} 0y 204
Ao pvilostachyn
Sunae i) 0l _bs 33 U6 235 40 43 a6d
Wi glubeg and B, gromatica 1.3 an 5 1 A% 2o 1ag 1.6 120
Com (111] neo_et 07 4.1 THOOds 2560 _ad
709 muyy n 100 1Y I S T Y S TUXT B KO L ¥ T) iR
04 (Acorn Meat) o 4n el 83 2 240 k4 00 43
Onercur spp. o i) 0.4 43 43 .1 K 0o 3.l
Clut Ragweed LR S X N 1 W X Y | S L) I | &) S [ 2.0
Ambragia trifila 70 i 3LT A9 AT 0.2 %] 47 132
Chade arangre X1 06 0 24 a5 25 16d n4 23
Maclurg y omifera 0.0 o0 X 3 KO i 0.3 23 1.2
Dogwood AN K] I3 22 . bn 00 o 24
Cornus dewmmondti 15 4 12 4.7 (] ny (X0 0.0 1
Woolly Cretun B LA SR | SRR S | S (1 S Y S | | LI
Crotun capitatus 10.5 83 EYL] LG 14 3l A5 uan b}
Iack Locust LI N W 11 {} 4 3% a7 30 300 14
Robinia psendo-acuel.: 1 1.2 1.0 33 (Al 4t 1T 43 a7
Amnetiean Germandar A0 19 1.3 3.6 an 00 20 o0 Lh
Teuerhon canaderse 18,4 o Hna o 22a 37 an 3.2 [{X1] 100
Comon Wheat 39 04 Do 5] S Py X || 10 on 13
Triticum gestivam 33 2.4 0.0} LT ay 3l i o 2
Partritlgerea n3 0y 0.2 nl LA 0.0 03 0l 15
Chamuerista nictitany 111} KX ] 3.8 1.3 143 a0 3.2 23 49
Ilemp 0.2 4.1 0.2 L R 0.0 ng o1 13
Cunnabis satira U 119 38 3.5 53 LU 1.0 3.3 ER)
Smattweid NNk 04 1.1 34 04 13 1% 01 1.2
Polygonum scandens 3g 83 K5 w5 a7 4% HB 23 TR
Niverbank Crape w03 32 24 00 00 00 08 1
Vitks vulping U0 12 47 Cas o Tad v Tow 1.
Crasses { Native) k0 138 85 53 04 553 3 13 0.7
[itX,} O3 on2 110 114 125 T4 7.0 41X 1)
Animal Matter 1364 1533 00 _0F 25 08 21 174 35
38 524 3ld 129 171 T4 1 024 27
Debris 0.4 07 _n2 14 5.0 ] 48 a7 82
1.0 0.0 B! | 3.4 20,0 172 )] 14.3 1}
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also reported adult bobswhite quail out.
weighed juveniles durieg winter imoaths.

Quail widuht changes observed conld re-
Nece elanges in net energy balances, In
general. an anfinl gains weight when It
consumes cnergty i exeess of Qs requires
ments and loses welght IF energy Intake is
below {ts reguirements, Zinunerman’s data
{ Personal communieation) predicts an ex.
istence enerey requisement of approsimately
0.38 keal/gm/day for birds hield in an en-
viconment of 0 C and 9- te 12-hour photo-
period. Existence energy is that reguired
for notmal nctivity of a specimen in a con-
fined arca, Productive encrgy §s that fn ex-
cess of the existence requireient (Zinumer.
man 1$653:352-353) and is the cnergy avails
able for daily movements, furaging fur fuad,
fat accmnulation, cte,

The lollowing energy-weight relationship
disenssion iy based on three premises: (1)
the avernge csop contents {Table 4) is o
true eepresentation of the average crop cons
tents for the entire datly feeding period; (2)
the crop contents are passedd through the
whimentary tract of bobwhite quail every
1.5 haurs, a rate reported for coturnix quail
{Coturnix coturnix) by MeceFarland and
Freedland (1963); and {3) the average
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Fig. 2. Mean waights al 204 juv enite gnd B4 adylt bobwhite
ava | collected during September-Apiit,

datly feeding period extends from sunrise
10 30 ininutes after sunset, Based on studies
by lobel and Harper (1965) and Johuson
(1908}, the avernge diet (Table 5) of
bobwhite on the Fort Biley Military Reser-
<ation contains approsimately 2.30 keal/ce.
By multiplying the average crop contents
by the number of 1.3-hour feeding units in
the daily feeding period, it Is possible to
estimate the total dadly food intake. Daily
Aoy consumption is estimated by multi-
plving the daily food intake (cc) by 2.30

Table 6. Mean body weights by montha of 284 jurerile ond Bt adult bobwhite quonl collected during this study.

JuvemiLys AmLrs PooLen
Musrnt N Mean Weights N Mean Welght N Mean Weight
September 42 171.08 = 3.10 4 183.13 £ 9.06 40 17283 = 53.00
COctober 45 173908 = 342 8 140,85 » 3.28* 33 17034 = 3.10
Novemlies 28 183,27 = 3,63 09 200,31 = 203 47 180.33 = 3.13
December 27 107,14 = 254 13 20528 = 4.00 40 198.81 = 2.10
January 30 183,00 = 3.00 it 103.83 = .50 47 193.80 = 3.13
Februury a6 100.01 = 279 15 198.20 »- 4.03 51 102444 2 2.3
March HEY 183.80 = LEG 9 191,10 2 3.36* 43 18337 = 1.64
Aptil 26 154,03 = 248 15 148909 - 1.9% 41 166.22 =+ 2.63

S Weikhts In grams = ane stawdand erzor of the mean.

*Significontly greater (F < 0.1C0) than the weight of Juveniles collecird during the wame month.
* Standflcantly grester (F < 0.03) than the weleht of juveniter callected dunng the ayme month,
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Tokte 7. Estie ated doily foca and erergy contumption by bobwhite quoil durirg the Seplamber-Apiil pariod on the sudy ureo,

Avraack Cuoy

DatLy Foon DaiLy LNenoy

X . v Conrents (ec) CoNsvMrtiov (ic) Consustrriox {(keal)
Mexin ! “ﬂrr'fldl.'.'j"m‘ q‘}ff.'p‘,lﬁ?uu';ll;;) Juy. Adulls Juv,  Adults | o, Adulta
September 12.9% 8,05 357 047 48.18 5337 11081 12295
October 117 7.81 6,01 578 $0.94 45,04 107098 103,82
November 10.55 7.03 003 937 42,30 6547 gv.60 131,50
Dercuber 082 001 0.25 80 11.31 5751 03.01 13227
Tanary 10.22 0.81 810 G358 55.16  J44.81 12687 103.00
Februry 11.23 749 637 058 A7 HL28 10953 11334
March 12,40 827 .03 5.00 3333 4135 70680 UL1),
April 1372 p.AS 807 447 1891 4458 4350 10219

2 Average daglight hoirs; aunedrs to 15 he alter qunved.

(kealzee) (Tuble 7). Birds normully are
able to assimilate about 70 pereent of the
ingested encrgy when the anvironmental
teruperature s 0 C to 10 C (Zimmermun
1933:350).

The existenea energy requirement for o
193-g quail (mean weight of 46 birds col.
lected in September) s 068 keal/day, an
amount supplied by €4 keal/day of foad
intake, The mean encrgy consumption by
33 quail during September-December was
108 keal/day, n dict providing at least 12
keal of productive energy per day, The 12
keul/day productive energy figore is proh-
ably conservative since the 91 keal/day
existence cnergy requirement is based on o
0 C temperature mean and the mean tem-
perature on our study nrea was approsi-
mately 11 C for the September-Decembier
period. The existence energy requirement
for u 200.¢ quail (mean weight of 40 birds
collected in December) is 70 kealzday, an
amount supplied by 109 keal/duy of food
consumed. The mean eniergy consumnption
by 240 quoil during January-April was 08
keal/day, a diet providing -11 keal of pro-
ductive energy per day. The 11 keal,’day
deficit is a fairly close cstimate since the
mean temperature for the perfod was 3.2 C,
not significantly higher than 0 C an which
Zimmerman's caleulations were based, Gen-
crally, when energy intake exceeded energy

requirenients  (positive  energy  balanee),
(quadl gained welght and when energy n-
take was Jess than that reqidred (ucegative
cnergy balance), quail lost weight, The
greater negative energy batanee of the juve-
niles (<13 and <5 keal/day for juveniles md
wdults, respectively) might account for the
greater weight loss by juveniles during
Junuary=April (Fig, 2), Even though mucl
more research §s needed on quail bioener-
geties to refine the above welghl-energy
relationship, the Fennthesis offers a partial
{though tentative; explanation for loss of
weight by bobwhite during late winter and
carly spring.

By no means is it inferred that there s
u simple direct relationship between energy
intake and weight changes in bobwhite
quail.  Several ablotic (phot perfod, tem-
perature, chemienl, ete.) and biotic {be.
havioral and internal regulatory processes)
fictors have been shown to he related to
basic energty metabolism { Kirkputrick 1957,
King and Famer 1939, 1961, and )¥83).
Thus, it seems that energy intake Is orly
onic {achinfttedly a wajor one) of severnl
inter-related factors associated with hody
welght changes in unconfined babwhite
quall,

Content of cther-extractable it (ex-
pressed as percentage of total dry tissue
weight) in the carcasses of 1 quail showed



Reration or Buonwibies 1o Foop Puaseisas o fobel 245

litdde sensonal vardation, although Lirds col.
lected fn September had less (P < 0.01) fat
thin birds colleeted in November, January,
and Murch. ‘The carcasses of 10 hobwhites
collected duging September  consistel of
8.15 = 0.55 pereent fal while the carcasses
of 11 birds collected in November conteined
1380 = 099 pereent al. Carcasses of 10
bobwhites collected in Janunry averuged
13,54 = 1.86 percent fut while 10 birds col-
leeted in March averaged 12,18 = 1,00 per-
cent fat, The highest fat content (2846
pereent of dry body weight) was found in
a juvenile female collected during Junuary
andl the least amount of fat (.21 pereent
of dry hody welght) was fonud in a juve.
nile female also collected i Junuary, The
bred with the highest fat content was killed
in a fond plot while the one with the least

amount of fat was killed about 1,200 m -

from a food plot. The number of birds
analyzed for fat content was not large
cnough to deteet nge or sex-related differ
ences in fat content,

Effectivencss of Food Plots

Sorghum und com produced on food
plots comprised 183 and 54 percent, re-
spectively, of the wial contents of 591 quail
crops analyzed (Table 5). Wheat con-
tributed ondy L7 percent of the total dict.
Carn was utilized by bobwhites principally
in January=April, whereas wheat was con-
sumed sporadically throughout September-
April, Sorghum was utilized throughout
September-April, but more extensively in
Jamry=April. Excepl for riverbank grape,
wheat was the least commonly occurring
food item which constituted 1.0 percent or
more of the total volumelric contents.

Of 120 quail killed within 300 m of a
foorl plot during January-April, 83 (9.2
pereent) had groin in their crop (Table 8),
No bird killed farther than 900 m from a
foed plot during January-April contained

Table 8. Prewsnce ol cultivoted grain in crops of 221 quanl

collectad ot vorying distances from lood plots during lanu.
ary-Aptil, :

Win Grav

Iiviance Pencuxreor 101

{ I(n:‘I‘::; ) N N Teirent le‘.::t %'-.‘.’.’33 e
0-2499 120 81 692 H0.8
JH)-500 403 14 333 139
H-400 17 1 215 KR
02004 42 v o0u 0.0
221 00 157 100.0

grain in its crop, Of all hirds having grain
in their crops during Jonuwey=-April, 98.1
pereent were collected within 600 m of a
fomd plot,

Since food piots appear to be a major
source of foud for quail within a 600an
rudivs during Junuary-April, crop contents,
hody weight, and body fat content of birds
collected within this radius were compared
with similar data of birds collected farther
from foud plots. Becau.e birds collected
600-800 m from food plots oceasionally
utilized the food pluts as a food source,
they were omitted from the comparison,
und birds collected within 600 m of a food
plot were compared with birds colleeted
900 m or farther from a food plot.

On the whole, birds killed within 600 i
of a food plot weighed more than birds
killed farther than 900 m from a food plot,
180.79 and 187,56 ¢, respectively, Only dur-
ing February was the mean weight of ¢uail
it the 900-m und over eategory greater than
that of birds killed witkin 600 m of a food
plot (Table 8), Mean weights of birds
killed within 600 m of a food plot were sig-
nificantly greater than birds killed over 906
m from a food plot in Janumy (I < 0.01)
and Aprii (P < 0.05), Although o similar
trend was evident for the volume of foad
in the crops of quail, that is, birds in the
N- o G00n category having more foud in
their crops than did birds in the 900-m and
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Table 9. Compatiion ol crop conlanty ord body weights of birds hilled within 800 m of o feed plot with rimilor data fot

bitds collegted over $00 m fram o food pIot\

Janvany Franvany Mancu AvniL
Distance Class (m} N Volumes N Volume N Voluhe N Volume
Voruamxtae CoNTENT (o)
0 to 600 0 830050 J9 GA8=0.61 I AT0=004 24 3590072
4 15 723008 ¢ Ol421.27 3 J18=171 9 20012
Distance Class (m) N Welsht N Welght N Welht N Welkht
ooy Wionr (g}
O tn 600 an 19077 2167 39 10169147 32 I80.445.62 a5 |R820=1,70¢
0004 15 189.8042.30 0 194.04::3.03 5 15000488 0O 150.93:2:3,03

b Al ineasurements ate micans = standland estor,

* Slgnificantly wreater {1 < U 03) than mean of other dhtante Uass,
4% Signilicantly greater (P < 0.G1) than isean of other distance class.

over category (arithinetic means of .78 and
405 g, respectively), none of the monthly
differences was significant (Table 9),

Since age and month plus distanice from
foud plots appeared to be related to body
weight and volume of food in the crop of
the bird (Tables 4, 6, 7, and 9), n more
thorongh analysis of the data was under-
taken to detect the cffeets of all of these
factors during late winter and early spring,
Of the 23] bobwhite quail collected during
Juuary-April, complete dala (sex, oage,
weight, and crop contents) were avalluble
for 129 and 38 birds in the 0-600 and over
900 in-distance classes, respectively,

An analysls of varinnce by the least square
method was used to deternine the more
important factors in the variations of body
weight and crop contents of the bitds col-
leeted in different months und distance
clusses, Significant relationships (P < 0.01)
were detected between body weight and
months and body weight and age, For
quail body weight, the month--distance and
month-nge inleractions were also signifi.
cant (P < 0.05) as well ns the distance-age
interaction (£ < 0,01). None of the other
factors or combinations of factors (distance,
sex, month-sex, distance-sex, or age-sex)

was significantly related to changes in quai
body welght (Tuble 10). Of the four vari.
ables tested (month, distunce, age, and sex),
only wonth was significantly (P < 0.01)
related to the volume of food in the quail’s
crop. None of the interactions between
these factors wus significant (‘Table 12).

Least square estimates of the cifects of
cach significant factor and factor-Interac.
tions related to quall body weight are pre.
sented in Table 11, Mean body weight

"o

Tulfe 10. Renits of analysh of varioncs of waight dofo far
147 bobwhite quoil cotlected during winter and eatly pting,

Dxunzgsor  Mran F

Facrons Farzpom  SQuane Vatuk
Mouth® 3 48092 5.45
Distance® 1 2.11 0.03
Sex 1 05.00 0.8
Age 1 1978.00 . 2J.udee
Month % Distance 3 295.57 2,40
Month % Sex 3 115.G6 1.37
Month ¥ Age 3 200413 3.11¢
Distance % Sex 1 11200 1.3
Distance % Age 1 861.54 10.08¢*
Sex % Age 1 70.20 0.84
Evrar 166 83,78

& Month factor = January, Febiruary, March, and April,
b Distance lactor = 0 tu 000, end aver D00 1 frum &
food plot,
* Statisticatly slgnilicant (# < 0.03),
8 Statintiealle slynlficant (P < 0.01).
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Tobte 1. Summary of leanl 1qu 1te eshirates lor aach signifitont fagtor and factor.interoction listed in Toble 10,

- MoxaisAoe Inrrracring

MuoXpteDisrange [nvragtion

Muosen DsLy Juveniley Adulty 3000 m (HETE LY
Junuary 14006 4.21 -4.21 206 =200
Felwruary 800 -1.07 )67 «3.92 3.
March =339 -1.04 1.9% 080 Q.50
April =340 -).55 .55 1.00 =140
AuxellisTANCE INIRRACTION
Aur Ui G 00O Melers  HKK)-5 Mefen
Tuveniles -1.81 320 ~3.20
Addudix 4,84 ~3.26 3.20

* Erthnates In gram; oveeall mean welght (feast seuate estimated ol the 167 bobmbite quall is 10080 5.

(1rast square estimute) for the 167 guail
was 190,50 grams, Figures nppearing in Ta-
ble 11 should be added te this mean weight
to determine the setunl quail weights, that
is, considering the effeets of month only,
the mean weight of the 107 quail Is esti-
muted to be 19191, 196888, 187.28, and
187.39 g for the months of Junuary, Febra-
ary, March, and April, respectively. By
combining the ceffeets of significant faclors,
a guail killed over 800 m from a food plot
in January would have an estimated welght
of 189.85 g (19086 -+ 1.06 - 2.08), very
cluse to the actual mean of 189.86 g for 15
birds fn that category (Tuble 8). For birds
killed within 600 m of a food plot in April,
the estimated mean welght would be 188.45
g while the actual mean for 28 birds in that
category was 188,20 g (Table 9), Least
syuare estiates for the offects ol month
on volume of foud in the crops of quail
were 1,066, 1.6, -1.04, and -2,08 for Janu-
ary, Febroary, March, and April, respee-
tively. Mean crop content (least square
estimate) for the 167 quail was 533 ce
Estimat:d mean crop contents of Dirds
killed fn March would be 429 ce, fnicly
close 1o the actual mean of 4,20 cc for 03
bitds killed during that month (Table 4),

An analysis of variance ({least squae
method) of fut content data of birds col

lected within 600 i of a food plot com.
parcd to dhose collected over 900 in from
u food plot detected slight interwetions be-
tween sex, age, distance, and month, but
none was significant. A two-away analysis
of varimnee detected a sigrificant (P < 0.03)
welationship between distance and fat con.
tent, substantinting data presented in ‘T'n.
ble 13, Birds killed within 600 m of a food
plot had tore fat {I* < 0.05) in their badies
during January and March than did birds
killed 800 or more r»_from a food plot dur.
ing the same months.’ Seven ol the 20 quatil

Toble 12, Rewlis of on analyiis o vodionce of volume ol
ctop contenty of 167 bobwhite quail coflacted dueing nintes
and sorly 1pting. ‘

. Drcriryor  Max F

Factons FREEpOM  Sguane  VALek
Month* 3 8877 a.1gse
1istance® 1 4.30 0.59
Sex { 15.54 107
Ao 1 12,51 0.80
Month % Distance 3 1.50 0.12
Month % Sea- 3 0.5 0A5
Month X Age 3 25.31 174
Distance X Sex i 1.21 0,00
Distanco X Ade 1 0.00 0.0
Sev ¥ Age 1 137 0.81
Ertar 160 1L50

& Month factor = lahuary, Febiuaty, March, and Aprl,
» Distance {.clur == 0t SOD, am) over 900 0 I o
foed plot,
o+ Siatlstically significant (& < 0.01).
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Contert of ether eateactai’s fol i carcanes of bobanite auod collected within 600 m of a food plot covpared

with Tat content ef bitds colla ted ferher than 900 m liom a foad plet.

SErrrsamn

Novi s Javvanr Manen
Disrascy.
Claaty ~ Pervent Falt N Ifercent Vat N Fenent Fal N Peryent Fat
03494 1] 0.53 = .52 R v BB T G 1710 2= 2.0 3 139482 .04
N - | 541 T 13T =050 i} 891 =20 3 19.35 2 3.0

*Perrnt fat (dn Laske} & ane standand eerar of the ean,

& Nostandand cetur caloniated,

* Signitnanyly greatet (8 < B03) than cnparabile Hidure for othe* disdtarie daw

killed and analyzed for fot during Janury
und Mateh Dad over 1 pereent fat in their
bodivs; 6 of these 7 (88 pereent) were
Kifled within 600 m of a food plat,

Therelore, during the winter and cinly
spring, food plots established Tor hobwhite
el an the Fort Riley Military Reservae
tion appear o have been suceessful in (1)
increasing eoergy intuke, (2) snaintaining
higher body welght, and (3) maintaining
a Wgher fat content in the body of hob.
white quadl. Although the survival value of
these three effects has not been established
in unconfined bobwhite quail populations,
the results obtained to dule certainly seemn
enconraging and justify continuation of this
phuse of the habitat-improvement program
on the Reservation,
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